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Abstract 
Salt-related contractional structures widely developed in the Kuqa depression of Tarim basin, northwest China, which 
have important influences on the hydrocarbon migration and accumulation. The Kuqa depression has the structural 
GHIRUPDWLRQIHDWXUHRI³ZKROHFRPSUHVVLRQGHODPLQDWLRQGHIRUPDWLRQ´ To investigate the mechanisms that govern the 
development of these structures, physical and numerical experiments are conducted. Similar material properties and 
boundary conditions were used in both modeling approaches. The simlation results show that the factors controlling 
salt-related structural deformation include mechanical stratigraphy, differential loading and boundary conditions. Salt 
bed play a significant role in the development of the contractional structures, adjusting the deformation of suprasalt bed 
and subsalt bed. In general, decollement anticline developed in suprasalt bed, then fold-accommodation faults 
developed in the process of progressive deformation. The subsalt bed deformation is controlled by high-angle 
basement-involved thrust RQ ZKLFK¶V IRRWZDOO shortcut thrusts developed. On the whole, the salt-related structural 
deformation has the dynamics feature of whole compression, where suprasalt bed, salt bed and subrasalt bed were all 
deformed. The large detachment fault is not observed in the experiments, which indicates that whole compression 
dynamic deformation model is reasonable to decipher the structural features of Kelasu structure zone in Kuqa 
depression.  
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1. Introduction 
Physical modeling has played an important role in the development of modern structural 
geologyˊPhysical experiments provide an effective means of simulating tectonic processes by stretching or 
compressing sand in a sandbox model. Physical experiment has proved to be a powerful tool for simulating 
WKHHYROXWLRQRIIROGDQGIDXOWEHOW,W¶VKHOSIXOWRJHWDEHWWHUXQGHUVWDQGLQJRIWKHdevelopment of different 
structural styles and mechanisms. The numerical modeling is a new dynamic modeling method in geology 
and geophysics research. It¶s a convenient way to obtain quantitative modeling data in the process of 
structural deformation. Comparisons the reaults among the physical and numerical modeling experiments, 
which have similar boundary conditions and material properties, can help to understanding model behaviour 
[1] and reveal the causes of differences among the models results. 
Salt contractional structure styles of Kuqa depression have been investigated and according to the 
present of salt bed, the Meso-Cenozoic structures were divided into three layers, i.e. suprasalt bed, salt bed 
and subsalt bed [2]. However, it is not immediately clear that the main factors controlle the various 
deformation among different structural layers, and the role of salt bed in the process of contractional 
deformation of Kelasu structural zone in Kuqa depression. In this paper, we chooses salt-related 
contractional structures as modeling targets, and using physical and numerical modeling approach to 
investigate the main factors that controlled the deformation styles of Kelasu structural zone. 
2. Geology Settings 
Kuche Depression is the main petroliferous area of Tarim basin, which have experienced the long term 
subsidence and the rapid subsidence after the Meso-Cenozoic period [3]. The salt bed are widely deposited 
in the Paleogene Kumugeliemu Formation(El-2km) in Kuqa depression. At the end of the Tertiary-
Quaternary, the intense structural deformation occurred in Kuqa depression and salt-related contractional 
structures widely developed. 
The regional structural section of the Kuqa depression(Fig.1) show that the Kuqa depression has the 
VWUXFWXUDOGHIRUPDWLRQIHDWXUHRI³Whole cRPSUHVVLRQGHODPLQDWLRQGHIRUPDWLRQ´ [4]. The suprasalt bed of 
Kelasu structural zone has developed faulted decollement anticline, and the northern subsalt bed 
deformation is controlled by a high-angle basement-involved thrust named Kelasu thtust faut RQZKLFK¶V
footwall shortcut thrusts developed, and the southern subsalt bed of Kelasu thrust fault is characterized by 
thin-skinned imbricate structure which slide along coal-bearing strata or basal surface.  
 
Fig.1. Regional structure section of the Kuqa Depression [4] 
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3. Model Materials and Model Setting 
In physical modeling, the material properties and boundary contractions of the physical models and the 
actual geological cases are the main factors that controls the reliability of the modeling results [2]ˊIn 
physical experiments, quartz sand was used to simulate brittle sedimentary rocks, and viscous silicone 
polymers was used to simulate salt. All models consisted of three units. From bottom upward they were (1) 
a subsalt sand layer, (2) a viscous silicone layer, and (3) a suprasalt sand package. The models were 
contracted at a shortening speed of 0.2mm/min by a minitype motor drived from right to leftˊAll physical 
modeling processes were completed with natural temperature and pressure. The physical models of salt-
related contractional structures were designed in the state key laboratory of petroleum resource and 
prospecting, China university of petroleum (Beijing).  
Numerical sandbox modeling was carried out using the Gale numerical modeling code [5]. Gale is a 
parallel, two- or three-dimensional opensource code, which starts with a collection of particles to track 
material properties. At each point, a finite element mesh superimposed over the particles, and the Stokes 
equations are solved on that mesh. This allows Gale to simulate problems with large deformations and 
irregular boundaries. We configured the numerical sandbox using the same boundary conditions and 
material properties that we used in the physical experiments(table.1).  
 
Table 1. Summary of material properties used in physical and numerical experiments [6] 
Paremeters Physical experiment Numerical experiment 
Quartz sand   
Density(kg/m3) 1560 1560 
Internal friction angle(ĭ) 33e 33e 
Cohesion(Pa) 57 57 
Silicone polymer   
Density(kg/m3) 960 960 
Viscosity(Pa.s) 5.0e4 5.0e4 
Gravitational acceleration(m/s2) 9.81 9.81 
 
4. Modeling Process and Results 
4.1. Influence of  distribution of salt on  contraction structural deformation 
In order to investigate the  influence of distribution of salt bed on the structural deformation of subsalt 
bed and suprasalt bed, the following physical and numerical model was designedˊFigure 2 show the 
deformation process and results of the physical and numerical sandbox modeling. Thrust faults and pop-ups 
were formed as the backstop was pushed from right to left(Fig. 2). A pop-up structure initially formed near 
the mobile backstop, where is location of salt bed disappeared in the model. As long as convergence 
continued, when the displacement nearly15cm more thrust faults formed both in subsalt and suprasalt layer 
and propagated towards the far end of  the model.  
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Fig.2. Results for the shortening physical and numerical sandbox experiments 
The reaults of both physical and numerical model present similar structural deformation with the 
regional structure section section(Fig.1). The subsalt and suprasalt layer formed different structural styles in 
the area covered by salt bed. Due to the present of salt layer, the differential structural deformation happens 
between the basement and overburden. The models also show that the highest point both subsalt and 
suprasalt bed are not identical, but the position of main deformation of subsalt and suprasalt bed nearly 
correspond in vertical direction. 
4.2. Influence of  preexist basemental structures on Salt-related contractional structures 
      
Fig.3. Results for the shortening physical and numerical sandbox experiments 
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The physical and numerical modeling were designed to investigate the influence of preexist basemental 
structure and boundary conditions  on  the deformation of salt-related contractional structures. A hard foam 
block was placed at the foot of mobile backstop to simulate the preexist basemental structure.  
As show in Figure 3, decollement anticline developed in suprasalt bed, and then fold-accommodation 
faults developed in the process of progressive deformation. A pop-up structure developed at the location of 
preexist basemental structure, and formed a high-angle thrust fault in the subsalt bed. With the increase of 
covergence distance, decollement anticline developed in suprasalt bed. However, the thrusting dominates 
the deformation of subsalt bed, and there is a wedge imbricate thrust system consisted by a series of thrust 
faults which developed in the footwall of high-angle thrust fault(Fig.3a).  
Comparison to equivalent numerical experiments show that deformation style, geometry of salt-related 
contractional structures and the overall dynamic evolution are similar(Fig.3). But there are also some 
variability in the structural style and the number of thrust faults, which may be related to particle resolution 
of the numerical code or boundary conditions and material properties were not necessarily consistently  
maintained across both modeling experiments. 
5. Conclusions 
(1) The physical and numerical modeling experiment reveals that contractional structures of Kuqa 
depression has the dynamics feature of whole compression. Suprasalt bed, salt bed and subsalt bed were all 
deformed. Salt bed mainly adjust the deformation of suprasalt and subsalt bed, and wedge imbricate thrust 
system controlled by high angle basement-involved thrust fault. 
(2) The distribution of incompetent layer and preexsit basement structures are the main factors, which 
govemed the development of salt-related contraction structures of Kelasu structural Zone. The deformation 
of basement promote salt bed accumulated and thicken in structural weak zone, or thinned and extincted 
with differential loading. 
(3) Result of comparison with  the results of the physical and numerical experiments indicate that 
deformation style, geometry and the overall dynamic evolution are similar. In spite of the difficulty of 
achieving an exact representation of the analogue conditions with a numerical model. It¶s suggests that 
numerical simulation may reliably model approach in geological situations, where physical models are 
difficult to represent. 
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